We present recent measurements of B and B 0 s production using data collected on the Υ(5S) resonance at CLEO and Belle. We also briefly discuss what can be learned using sufficiently larger data samples in the future.
INTRODUCTION
The Υ(5S) was discovered about 20 years ago in e + e − collisions at CLEO [1] and CUSB [2] . Its mass is (10865 ± 8) MeV, about 300 MeV higher than the Υ(4S) resonance, and its width of (110 ± 13) MeV is about five times larger than the Υ(4S) resonance. Its production cross-section was measured to be about 0.3 nb, about ten times lower than the Υ(4S) cross-section. Owing to its mass, the Υ(5S) can decay to a variety of final states containing B and B s . Further study of the Υ(5S) is of great interest because of it being a potentially large source of B 0 s mesons at an e + e − machine. If suitably large samples can be collected, their study would provide a complementary probe of CP violation and rare decays to LHCb. Studies involving rare decays, particularly those with soft photons, and untagged time-dependent and timeindependent measurements, which provide access to the width difference between the B 0 s mass eigenstates, ∆Γ s , offer complementary information to measurements at hadron machines [3] . Because of the small Lorentz boost at the Υ(5S) and the large value of the mixing frequency, ∆m s [4] , time-dependent CP violation measurements in mixing are not possible.
Until recently, there existed only weak limits on the production rate of B 0 s at the Υ(5S). Several models attempt to describe the hadronic cross- * We gratefully acknowledge the National Science Foundation for support of this work. section in the 10-11 GeV region. The simplest model, the quark-pair creation model (QPC) [5] , allows for quark pairs to be 'popped' out of the vacuum. This model by itself is insufficient to describe the hadronic cross-section. Ono et al. [7] are able to reproduce the spectrum by introducing a bbg hybrid at 10683 MeV (the QHM model). A third model, the unitarized quark model (UQM) [6] includes coupled channel effects between bb states via real (two-meson) intermediate states. The QHM predicts B * B is dominant at 10865 MeV, with relative rates of B * B * :B * B :BB ∼ 1:3:6. On the other hand, the UQM also reproduces the hadronic crosssection, but predicts that B * B * is dominant, e.g., B * B * :B * B :BB ∼ 2:1:0.3. A more thorough experimental study of the Υ(5S) has been undertaken by CLEO, followed by Belle, to better understand the hadronic crosssection in this region as well as assess the potential for a future high luminosity e + e − machine operating at the Υ(5S).
In 2003, CLEO collected 0.42 fb −1 of data at the Υ(5S) (10871 MeV) In 2005, Belle collected about 1.9 fb −1 on the Υ(5S) resonance, followed by a larger sample of 22 fb −1 a year later. Here we report on results from CLEO and the first Belle data set.
HADRONIC RESONANCE CROSS SECTION
The hadronic resonance cross section is measured by counting hadronic events recorded at the Υ(5S) using various selection criteria employed to reduce the continuum background.
The continuum background is estimated using data taken below the Υ(4S), and is scaled by:
, where L i and s i are the integrated luminosities and center-ofmass energies squared at the Υ(4S) and Υ(5S). The Υ(5S) cross-sections are measured to be (0.301 ± 0.002 ± 0.039) nb [8] and (0.302 ± 0.002 ± 0.015) nb [13] , by CLEO and Belle, respectively. [10] . First, the inclusive B yield is determined by computing the invariant mass of all B meson candidates with −200 < ∆E < 450 MeV and 5272 < m bc < 5448 MeV. Unlike m bc , invariant mass does not depend on the particular Υ(5S) decay mode. A fit to the invariant mass spectrum yields a signal of (53.2 ± 9.0) events. Using efficiencies (ǫ) from Monte Carlo (MC) simulation and branching fractions (B) from the PDG [11] , it is found
EXCLUSIVE B MESON FINAL STATES AT THE Υ(5S) CLEO reconstructs B mesons via their decays
, where the sum is over the 25 decay modes. From this it is concluded that σ(e + e − → BB(X)) = (0.177 ± 0.030 ± 0.016) nb. Using this cross-section and the measured total hadronic cross-section, the B 0 s fraction in Υ(5S) decays, f s , is computed to be f s = 1 − (σ BBX /σ had ) = (0.41 ± 0.10 ± 0.09). To determine the contributing subprocesses, events are selected in the expected signal band in the ∆E − m bc plane and projected onto the m bc axis. The resulting distribution of events is shown in Fig. 1 . A dominant B * B * peak is observed, along with a smaller contribution from B * B , and an insignificant yield from BB. The distributions are fit to the sum of 3 Gaussians, with resolutions determined from MC and the mass difference between the B * B * and BB peaks constrained to the expected value of 47.5 MeV. The fitted yields are 3.7 +3.1 −2.4 BB, 10.3 ± 3.9 B * B and 31.4 ± 6.1 B * B * events. Insignificant yields in B ( * )B( * ) π and BBππ lead to 90% confidence level upper limits of 13.1 and 6.4 events, respectively. Thus, it is found that (74±15±8)% of the B production is through B * B * and (24 ± 9 ± 3) is from B * B . For BB, B ( * )B( * ) π and BBππ 90% upper limits of 22%, 32% and 14%, respectively, are obtained. These results strongly disfavor the QHM and are consistent with the UQM.
The m bc peak position for B * B * and the corresponding peak position from B MeV, and using the well-measured B * mass [11] , gives M (B * s ) = (5411.7 ± 1.6 ± 0.6) MeV, which provides a significant improvement over the previous measurement. The M1 mass splitting for B 0 s is thus found to be (45.7 ± 1.7 ± 0.7) MeV, which is consistent with the value in the B system of (45.78 ± 0.35) MeV [11] , as expected from heavy quark symmetry. s (π, ρ) candidates in the CLEO Υ(5S) data sample. The superimposed boxes are discussed in the text.
INCLUSIVE ANALYSES
Inclusive analyses are senstive to f s , provided the probe particle chosen has sufficiently different production rate for B and B 0 s decays. CLEO has used both D s and φ mesons, both of which are expected to have substantially higher rates from B 0 s than B mesons [8] . Belle followed up with a similar pair of analyses that use D s and D 0 mesons [9] . Measurement of the B 0 s fraction, f s , is obtained using an expression of the form: CLEO has also performed an analysis using inclusive φ production [8] , where φ → K + K − . The measured yields as a function of scaled momentum are shown in Fig. 4 . The first bin 0 < x < 0.05 is obtained from MC simulation, because in this bin the kaons generally have too low momentum to be reconstructed. The uncertainty is taken to be 100% of its value. Other processes are less than about 25% of B * B * . These results are consistent with the UQM, and inconsistent with the QHM.
∆Γ s AND RARE DECAYS
With a large sample of data collected on the Υ(5S), one can begin to search for rare B 0 s decays. While many of the decays can be searched for in pp (CDF, D0) and pp (LHCb at CERN, starting 2008), the e + e − environment enjoys low particle multiplicity and good signal-to-background for low energy photons. Final states with soft photons are particularly difficult for detectors at hadron machines, and so this is an area where machines operating at the Υ(5S) can make significant contributions. Taking σ(e + e − → B 0 sB 0 s ) = 0.075 nb (25% of the resonance cross-section), a 50 fb −1 dataset, which could be collected by Belle in a couple of months, yields about 7.5 million B 0 s decays.
In the Standard Model, the width difference, ∆Γ , is already more stringent than the current world average.
CONCLUSIONS
In summary, we report on measurements of the B 0 s fraction, f s at CLEO and Belle, and find about 25% of the Υ(5S) decays produce B 
